؊/؊ mice demonstrated increased necrosis and reduced vascular density. These findings were further confirmed in CXCR2 ؉/؉ mice using specific neutralizing Abs to CXCR2. The results of these studies support the notion that CXCR2 mediates the angiogenic activity of ELR ؉ CXC chemokines in a preclinical model of lung cancer.
A lthough lung cancer, and particularly primary nonsmall cell lung cancer (NSCLC), 3 is the leading cause of malignancy-related mortality in the U.S. (1) , the biology of this devastating disease is complex and poorly understood. NSCLC metastases to regional lymph nodes, liver, adrenal glands, contralateral lung, brain, and bone marrow is a key factor in the virulence of this cancer (2, 3) . Angiogenesis is felt to play an important role in tumor growth and metastasis. CXCL8 (IL-8) has been determined to be a significant angiogenic factor contributing to overall tumor-derived angiogenic activity in a variety of human tumors (4 -10) . Furthermore, CXCL1, 2, 3 (growth-related oncogene-␣, ␤, ␥) and CXCL5 (epithelial-neutrophil-activating peptide-78), other Glu-Leu-Arg ϩ (ELR ϩ ) CXC chemokines, have also been demonstrated to be equally important in several human tumors and tumor model systems in mice (11) (12) (13) . These findings demonstrated the importance of different angiogenic ELR ϩ CXC chemokines in mediating tumor-derived angiogenesis. Thus, tumor cells can use distinct angiogenic ELR ϩ CXC chemokines to mediate their tumorigenic potential.
We have previously shown that members of the ELR ϩ CXC chemokine family, including CXCL1, 2, 3; CXCL5; CXCL6 (granulocyte chemotactic protein 2); and CXCL8, can mediate angiogenesis in the absence of preceding inflammation (11, 14) . We have also shown that CXCR2 is the receptor responsible for ELR ϩ CXC chemokine-mediated angiogenesis (15) .
We hypothesized that CXCR2 in vivo mediates the proangiogenic effects of ELR ϩ CXC chemokines during tumorigenesis. We demonstrate that there is a correlation of the expression of endogenous ELR ϩ CXC chemokines that parallels tumor growth and metastatic potential of Lewis lung cancer (LLC) tumors in CXCR2 ϩ/ϩ mice. We also show that LLC primary tumors have significantly reduced growth in CXCR2 Ϫ/Ϫ mice at 4 wk. Moreover, we found a marked reduction in the spontaneous metastases of heterotopic tumors to the lungs of CXCR2 Ϫ/Ϫ mice. Morphometric analysis of the primary tumors in CXCR2 Ϫ/Ϫ mice demonstrated increased areas of necrosis and reduced vascular density, as compared with tumor grown in CXCR2 ϩ/ϩ mice. These findings were further confirmed in CXCR2 ϩ/ϩ mice in the presence of specific neutralizing Abs to CXCR2. The results of these studies support the notion that CXCR2 mediates the angiogenic activity of ELR ϩ CXC chemokines in a preclinical model of lung cancer, and highlights the importance of developing strategies to attenuate CXCR2 biology in NSCLC.
Materials and Methods

Abs and Ab generation
Polyclonal goat anti-murine CXCR2 (mCXCR2) was produced by the immunization of a goat with a peptide containing the ligand-binding sequence Met-Gly-Glu-Phe-Lys-Val-Asp-Lys-Phe-Asn-Ile-Glu-Asp-Phe-Phe-SerGly of CXCR2. Direct ELISA was used to evaluate antisera titers, and sera were used for Western blot, ELISA, and neutralization assays when titers had reached greater than 1/1,000,000. The anti-CXCR2 Abs have been used previously to block mCXCR2 in vivo, and have been shown to detect CXCR2 by Western blot and fluorescence-activated cell-sorting analysis of neutrophils in vivo (16 -18) . The anti-CXCR2 Ab has been shown to be neutralizing using both in vitro neutrophil chemotaxis assay and in vivo by abrogating the influx of neutrophils into the peritoneum of normal mice in response to exogenous ELR ϩ murine CXC chemokines (16 -18) . In vivo administration of anti-CXCR2 Abs inhibits pulmonary neutrophil sequestration in murine models of Aspergillosis, Nocardia, and Pseudomonas pneumonia and prevented the influx of neutrophils in urine and the kidney in a murine model of Escherichia coli urinary tract infection and into the lung in ventilator-induced lung injury (16 -19) . Moreover, i.p. administration of this Ab did not alter peripheral blood neutrophil counts (16 -18) . A total of 1 ml of antiserum against mCXCR2 and control Ab is ϳ10 mg of IgG. Anti-factor VIII-related Ag and appropriate control Abs were purchased from DAKO (Carpenteria, CA).
ELISA
The quantity of murine CXCL1, CXCL 2/3, and vascular endothelial growth factor (VEGF) present in tissue homogenates was determined by specific ELISA, using a modification of the double-ligand method, as previously described (19 -24) . Briefly, flat-bottom 96-well microtiter plates were coated with 50 l/well of specific polyclonal anti-mouse CXCL1, CXCL2/3, or VEGF (R&D Systems, Minneapolis, MN) (1 g/ml in 0.6 M of NaCl, 0.26 M of H 3 BO 3 , and 0.08 N of NaOH, pH 9.6) for 24 h at 4 o C, and then washed with PBS, pH 7.5, plus 0.05% Tween 20 (wash buffer). Plates were blocked with 2% BSA in PBS for 1 h at 37 o C and then washed three times with wash buffer. A total of 50 l of sample (1:10 and neat) was added, and the plates were incubated at 37 o C for 1 h. Plates were washed three times; 50 l of biotinylated polyclonal anti-human or mouse CXCL1, CXCL2/3, or VEGF (R&D Systems) (3.5 ng/l in PBS, pH 7.5, 0.05% Tween 20, and 2% FBS) was added; and plates were incubated at 37 o C for 45 min. Plates were washed three times; streptavidin-peroxidase conjugate was added; and the plates were incubated for 30 min at 37 o C. Plates were washed again, and 100 l of 3, 3Ј, 5, 5Ј-tetramethylbenzidine chromogenic substrate was added. Plates were incubated at room temperature to the desired extinction, and the reactions were terminated by the addition of 100 l/well of 1 M of H 3 PO 4 . Plates were read at 450 nm in an automated microtiter plate reader, and the amount of mouse CXCL1, CXCL2/3, or VEGF present was determined by interpolation of a standard curve generated by known amounts of recombinant mouse CXCL1, CXCL2/3, or VEGF (R&D Systems), respectively. The sensitivity for the mouse CXCL1/2, CXCL1, or VEGF ELISAs was Ͼ50 pg/ml, and this assay failed to cross-react with a panel of other known cytokines and chemokines.
Heterotopic and orthotopic LLC model
C57BL/6 CXCR2
Ϫ/Ϫ and CXCR2 ϩ/ϩ mice (6 -8 wk old, derived from the strain developed at Genentech (South San Francisco, CA) by Cacalano et al. (25) , a gift from R. Terkeltaub (University of California, San Diego, CA) and maintained by A. Richmond (Vanderbilt University, Nashville, TN)) were injected either s.c. (heterotopic; 10 6 cells per 100 l) into one flank or transthoracically (orthotopic; 10 4 cells per 25 l) into the left lung with LLC cells using a modification, as previously described (11, 20, 26, 27) . The animals were maintained in sterile laminar flow rooms and sacrificed in groups of 10. Animals were evaluated for evidence of NSCLC metastases. In subsequent experiments, LLC tumor-bearing C57BL/6 mice were exposed to i.p. injections of 500 l of either neutralizing goat antimCXCR2, control (preimmune) serum, or no treatment, every day, for 28 days, starting at the time of xenoengraftment. Subcutaneous heterotopically placed tumors were dissected from the mice and measured with a Thorpe caliper (Biomedical Research Instruments, Rockville, MD). Tumor volume was calculated using the formula:
where d n represents the three orthogonal diameter measurements. Orthotopically placed lung tumors were histologically evaluated. Tumor and tissue specimens were processed in the following manner: 1) fixed in 4% paraformaldehyde for histologic analysis and immunohistochemistry; 2) the tumor was processed to a single cell suspension for subsequent FACS analysis of factor VIII-related Ag; 3) processed for protein analysis by ELISA for cytokine levels, as previously described (19 -24) .
FACS analysis of tumors
Analysis of tumor-derived factor VIII-related Ag, single cell suspension preparations was made using a method, as previously described (19, 24) . Briefly, heterotopic tumors or lungs containing orthotopic tumors were harvested at 8 wk from animals who had been treated with either control/ preimmune or anti-mCXCR2 Abs. Tissue was minced with scissors to a fine slurry in 15 ml of digestion buffer (RPMI 1640, 5% FCS, 1 mg/ml collagenase (Boehringer Mannheim, Indianapolis, IN), and 30 g/ml DNase (Sigma-Aldrich, St. Louis, MO)). Tissue slurry was enzymatically digested for 45 min at 37°C. Any undigested fragments were further dispersed by drawing the solution up and down through the bore of a 10-ml syringe. The total cell suspension was pelleted and resuspended in FACS analysis buffer. Cell counts and viability were determined using trypan blue exclusion on a hemocytometer. Single cell suspensions were stained with primary rabbit anti-factor VIII-related Ag Abs (Sigma-Aldrich), goat antimCXCR2, and isotype controls. The secondary Abs used for these experiments were Alexa 488 (FITC anti-rabbit) (Molecular Probes, Eugene, OR) and PE swine anti-goat (Caltag Laboratories, South San Francisco, CA). Samples were also stained with tricolor conjugated anti-murine CD45 (Caltag Laboratories), with PE-conjugated CD3, CD4, CD8A, NK1.1, Ly-6 (BD Biosciences, San Jose, CA), or MAC519 (Serotec, Raleigh, NC). Cells were analyzed on a FACScan flow cytometer (BD Biosciences) using CellQuest software (BD Biosciences), as previously described (19, 24) .
Proliferation of LLC cells
Proliferation of LLC cells was assessed using 96-well culture plates seeded with either 1000 or 5000 LLC cells/well, which were starved overnight in growth medium containing 1% FCS. The next morning, medium containing 1 or 10% serum was added to the cultures together with varying concentrations of CXCL1, CXCL2/3, or anti-CXCR2 (0.001-100 ng/ml), and the cells were allowed to grow for 72 h. At this time, 1 Ci/well [ 3 H]thymidine was added, and the cultures were incubated for a further 18 h. Finally, the cells were harvested using a cell harvester, and [
3 H]thymidine incorporation was quantitated by scintillation counting.
Immunolocalization of factor VIII-related Ag
Paraffin-embedded tissue from control and bleomycin-treated lung was processed for immunohistochemical localization of factor VIII-related Ag, as previously described (14) . Briefly, tissue sections were dewaxed with xylene and rehydrated through graded concentrations of ethanol. Slides were blocked with normal goat serum (BioGenex, San Ramon, CA), and overlaid with 1/500 dilution of either control (rabbit) or polyclonal rabbit anti-factor VIII-related Ag Abs. Slides were then rinsed and overlaid with secondary biotinylated goat anti-rabbit IgG (1/35) and incubated for 60 min. After washing with TBS, slides were overlaid with a 1/35 dilution of alkaline phosphatase conjugated to streptavidin (BioGenex Laboratories, San Ramon, CA) and incubated for 60 min. Fast Red (BioGenex Laboratories) reagent was used for chromogenic localization of factor VIII-related Ag. After optimal color development, sections were immersed in sterile water, counterstained with Lerners hematoxylin, and coverslipped using an aqueous mounting solution.
Quantitation of vessel density
Quantitation of vessel density was performed using a modification of the previously described method (11) . Briefly, slides were stained for factor VIII-related Ag, as outlined above. Tumor specimens were scanned at low magnification (ϫ40) to identify vascular hot spots. Areas of greatest vessel density were then examined under higher magnification (ϫ200) and counted. Any distinct areas of positive staining for factor VIII-related Ag were counted as a single vessel. Results were expressed as the number of vessels per high-powered field (ϫ200).
Immunohistochemistry for CXCR2
Human NSCLC and murine LLC tumor specimens were fixed in 4% paraformaldehyde for 24 h. Paraffin-embedded tissue sections were dewaxed with xylene and rehydrated through graded concentrations of ethanol. Twenty specimens of human stage I and II squamous cell carcinoma and 20 samples of human stage I and II adenocarcinomas were then stained for CXCR2 using the Vectastain ABC system (Vector Laboratories, Burlingame, CA). Briefly, nonspecific binding sites were blocked with powerblock (BioGenex Laboratories), washed, and overlaid with 1/100 dilution of either control (rabbit) or rabbit anti-human CXCR2. Slides were then rinsed and overlaid with secondary biotinylated goat anti-rabbit IgG and incubated for 30 min. After washing twice with PBS, slides were overlaid with Vectastain ABC systems peroxidase-conjugated streptavidin and incubated for 30 min. The 3,3Ј-diaminobenzidine tetrahydrochloride reagent was used for chromogenic localization of CXCR2. After optimal color development, sections were immersed in sterile water, counterstained with Mayer's hematoxylin, and coverslipped with mounting solution.
Morphometric analysis of metastases and tumor necrosis
For analysis of lung metastases and necrotic areas, morphometric analysis was performed on at least 16 separate H&E-stained sections taken 60 m apart from each of five different animals under ϫ200 magnification. An Olympus BH-2 microscope coupled to a Sony 3CCD camera was used to capture images that were then analyzed for total area of metastatic lesions using the NIH Image 1.55 software. For determination of tumor necrosis, the average percentage of necrotic area per high power field (ϫ200) for each tumor was determined by morphometric analysis, and this number was then multiplied by the tumor area yielding the average necrotic area for each tumor.
Statistical analysis
The animal studies involved 10 mice for each treatment group. Data were analyzed on a Dell PC computer using the Statview 5.0 statistical package (Abacus Concepts, Berkeley, CA). Comparisons were evaluated by the unpaired t test. All group comparisons were evaluated by nonparametric analysis using either the Mann-Whitney analyses or the Kruskal-Wallis test with the post hoc analysis, Dunn for statistical significance. Data were considered statistically significant if p values were 0.05 or less, designated by an asterisk (*).
Results
Both the heterotopic and orthotopic LLC tumors demonstrate significant growth over 4-wk period of time
In the heterotopic model, tumor size was determined by direct measurement and tumors showed significant growth over a 4-wk period (Fig. 1) . In the orthotopic model, tumor size was assessed histologically and also demonstrated marked growth over a 4-wk period with the tumor occupying a significant portion of the left lung ( Fig. 1)   FIGURE 1 . Tumor growth over 4 wk in the heterotopic and orthotopic LLC models. Heterotopic tumor growth was measured weekly; orthotopic growth was assessed histologically at the end of 4 wk. Heterotopic tumor volume was calculated using the formula: volume ϭ (d 1 ϫ d 2 ϫ d 3 ) ϫ 0.5236), where d n represents the three orthogonal diameter measurements. FIGURE 2. Levels of CXCL1 and CXCL2/3 are elevated in the heterotopic and orthotopic LLC models. Protein levels were measured by ELISA from heterotopic LLC tumors or from the lung bearing the tumor in the orthotopic model.
CXCL1 and CXCL2/3 are elevated in the heterotopic and orthotopic LLC tumors
We next measured levels of CXCL1 and CXCL2/3 from orthotopic and heterotopic tumors by specific ELISA standardized to volume of biopsy. For the heterotopic model, a punch biopsy of adjacent skin of similar size to the tumor was used for evaluation. For the orthotopic model, the tumor-bearing lung was compared with a naive lung without tumor. Both CXCL1 and CXCL2/3 were significantly elevated at 4 wk as compared with control tissue (Fig.  2 ) in both the heterotopic and orthotopic tumors. We also measured VEGF levels from both orthotopic and heterotopic tumors and found that VEGF levels were elevated in the heterotopic tumors, but not the orthotopic tumors, as compared with control tissue.
CXCR2 is predominantly expressed on endothelium within tumors
Because both CXCL1 and CXCL2/3 were significantly elevated at 4 wk as compared with control tissue, we next assessed the predominant cells expressing CXCR2, the common receptor for both of these ligands. We found that the predominant cells expressing CXCR2 were vascular endothelial cells within the tumors, suggesting that CXCR2 has a role in angiogenesis associated with tumor growth (Fig. 3) . This was confirmed by FACS analysis of single cell suspensions of heterotopic tumors, demonstrating that CXCR2 is expressed on the majority of cells that express factor VIII-related Ag (Table I) .
LLC tumor growth is attenuated in CXCR2
Ϫ/Ϫ mice To further evaluate the role of CXCR2 expression on tumor growth, we measured both orthotopic and heterotopic tumor growth in CXCR2 Ϫ/Ϫ mice as compared with tumor growth in wild-type control mice. There was a significant reduction in tumor growth in CXCR2 Ϫ/Ϫ mice as compared with wild-type control animals (Fig. 4) . To confirm these findings, we passively immunized mice with orthotopic tumors and found that neutralization of CXCR2 using neutralizing Abs led to a significant reduction in tumor growth as compared with control-treated animals (Fig. 4B) , confirming the findings in the CXCR2 Ϫ/Ϫ mice. Similarly, neutralization of CXCR2 leads to a reduction in heterotopic tumor growth.
Depletion of CXCR2 is associated with increased tumor necrosis
To further examine the mechanism of inhibition of tumor growth, we next assessed tumor necrosis in the context of the presence or absence of CXCR2 in the heterotopic model. We found that there was an increase in tumor necrosis in CXCR2 Ϫ/Ϫ mice as compared with wild-type controls (Figs. 5) . To confirm these findings in a more biologically relevant system, we next performed in vivo neutralization studies using polyclonal Abs directed against CXCR2 in heterotopic tumor model. Similar to the CXCR2 Ϫ/Ϫ mice, neutralization of CXCR2 by passive immunization led to an increase in tumor necrosis (Fig. 5 ).
CXCL1 and CXCL2/3 have no effect on LLC cell proliferation
Having shown that neutralization of CXCR2 inhibited tumor growth, we were next interested to know whether the ligands CXCL1 and CXCL2/3 have an effect on tumor cell proliferation. LLC cells were stimulated with various concentrations of CXCL1 and CXCL2/3. Proliferation was measured using incorporation of [ 3 H]thymidine. CXCL1 and CXCL2/3 had no effect on LLC proliferation (data not shown). Furthermore, anti-CXCR2 had no effect on tumor proliferation (data not shown).
Depletion of CXCR2 inhibits angiogenesis in LLC tumors and has no effect on intratumor leukocyte infiltration
To further assess the mechanism for the reduced tumor growth of LLC in CXCR2 Ϫ/Ϫ mice and following inhibition of CXCR2 with specific Abs, we next looked at the role of CXCR2 depletion on tumor angiogenesis and leukocyte infiltration. There was a significant decrease in angiogenesis, as determined by vessel counting and FACS analysis of factor VIII-related Ag in tumor homogenates of CXCR2-depleted as compared with control tumors (Fig.   6 ). CXCL1 and CXCL2/3 are potent neutrophil chemoattractants. To exclude the possibility that the beneficial effect of CXCR2 depletion was due to an alteration in neutrophil recruitment, we performed leukocyte subpopulation analysis in tumors from CXCR2 Ϫ/Ϫ mice or mice treated with anti-mCXCR2 as compared with CXCR2 ϩ/ϩ control mice. Analysis of leukocyte subpopulations demonstrated no significant difference in the populations of leukocytes present in tumors under these circumstances (Table II) . Ϫ/Ϫ mice and in mice treated with neutralizing anti-CXCR2 Abs. Ab-treated mice were passively immunized with either goat anti-mCXCR2 or normal goat serum every day for 4 wk.
FIGURE 5. Mean necrotic area in heterotopic LLC tumors in CXCR2
Ϫ/Ϫ or in mice treated with neutralizing anti-CXCR2 Abs as compared with control-treated mice. Ab-treated mice were passively immunized with either goat anti-mCXCR2 or normal goat serum every day for 4 wk. Mean necrotic area was assessed by morphometric analysis and expressed as square pixels. 
Depletion of CXCR2 is associated with decreased lung metastases in the heterotopic LLC model
We were next interested in the wider implications of inhibition of growth of the primary tumor. We therefore looked at the effects of CXCR2 depletion on metastases using the heterotopic model. We counted lung metastases in CXCR2 Ϫ/Ϫ mice or in mice that had been treated with anti-CXCR2 Abs. There was a significant reduction in the numbers of lung metastases as compared with control mice (Fig. 7) . This supports the notion that CXCR2-mediated angiogenesis is important for both primary tumor growth and metastasis.
Discussion
The CXC chemokines can be divided into two groups on the basis of a structure/function domain consisting of the presence or absence of 3 aa residues (Glu-Leu-Arg; ELR motif) that precedes the first cysteine amino acid residue in the primary structure of these cytokines (28 -34) . The ELR ϩ CXC chemokines are chemoattractants for neutrophils and act as potent angiogenic factors (35) (36) (37) . In contrast, the IFN-inducible ELR Ϫ CXC chemokines are chemoattractants for mononuclear cells and are potent inhibitors of angiogenesis (37, 38) .
CXCR2 has been shown to bind all of the ELR ϩ CXC chemokines (39 -41) . We have previously demonstrated the importance of CXCR2 in mediating ELR ϩ CXC chemokine-induced angiogenesis in vivo, by the lack of angiogenic activity induced by ELR ϩ CXC chemokines in the presence of neutralizing Abs to CXCR2 in the rat corneal micropocket assay, or in the corneas of CXCR2 Ϫ/Ϫ mice (42). Li et al. (43) have shown that CXCL8 induces endothelial cell tube formation and inhibits apoptosis in endothelial cells via CXCR1 and CXCR2. Furthermore, significant delays in wound healing, including epithelialization and decreased neovascularization, have been described in CXCR2 Ϫ/Ϫ mice (44). Angiogenesis is necessary for growth of all solid tumors, and the net vascularization of a tumor is dependent upon the balance of the expression of angiogenic and angiostatic factors. We have shown that the CXC chemokines, CXCL5 and CXCL8, are important factors in angiogenesis and tumor growth (11, 14) . Therefore, it is a logical extension of these observations that inhibition of the common receptor for the angiogenic CXC chemokines would have a similar effect. The attractive feature of targeting the receptor is the fact that it leads to inhibition of several ELR ϩ chemokine ligands at once. Saijo et al. (45) have shown that transfection of LLC cells with IL-1␤ leads to hyperneovascularization as compared with wild-type LLC tumors and that heterotopic growth of these tumors could be attenuated using Abs to CXCR2. These authors did not, however, directly look at the effect of this treatment on tumor necrosis, angiogenesis, or metastases. Although it is possible that CXC chemokines inhibit apoptosis of LLC cells via CXCR2, our results in the CXCR2 Ϫ/Ϫ mice suggest that this is not a significant factor. In the CXCR2 Ϫ/Ϫ mice, CXCR2 is still expressed on the LLC cells, and therefore CXC chemokines could still exert an antiapoptotic effect. The fact that the tumor growth was inhibited in the CXCR2 Ϫ/Ϫ mice suggests that it is CXCR2 on host cells (i.e., endothelial cells) that is the primary determinant of the effect of CXC chemokines on tumor growth.
The heterotopic lung cancer model has been criticized as not being truly representative of lung cancer, as the primary tumor is anatomically distant from the lung. To overcome this concern, we also used an orthotopic model in which the primary tumor is implanted directly in the lung. We found similar patterns of tumor growth with these two models. Furthermore, the two models had similar changes in tumor growth, vessel density, and tumor necrosis when CXCR2 biology was attenuated. Using the heterotopic model, we also demonstrated a decrease in metastases to the lung, indicating the importance of angiogenesis to the development of metastases. Furthermore, recent evidence suggests that the size of a stage I NSCLC does not correlate with prognosis, and would suggest that the vessel density may be a more important determinant of metastatic potential (46) . However, we cannot exclude the possibility that the decrease in metastases is due to either a decrease in the size of the primary tumor or a decrease in the growth of metastatic cells once they reach the lung.
The ELR ϩ CXC chemokines are potent neutrophil chemoattractants in addition to their angiogenic effects. Inhibition of CXCR2 did not lead to any significant changes in intratumor leukocytes. This is similar to what we have previously shown in a murine model of pulmonary fibrosis in which inhibition of CXCL2/3 reduced fibrosis via inhibition of angiogenesis without any alteration in pulmonary neutrophils (23) . One might speculate that inhibition of CXCR2 could lead to defects in host defense, as has been shown in animal models of pneumonia, and that such a strategy could be detrimental in a potentially immunocompromised patient (16 -18) . In the human setting, however, this concern is obviated by the presence of CXCR1 on neutrophils, which would allow CXCL8 and CXCL6 to function normally as neutrophil chemoattractants in the setting of infection.
Although clinical trials of inhibition of angiogenesis have been disappointing to date, most of the strategies used have targeted a single mediator, specifically VEGF (47, 48) . These studies have Ϫ/Ϫ mice or mice passively immunized with anti-CXCR2 Abs as compared with controls at 4 wk. Abtreated mice were passively immunized with either goat anti-mCXCR2 or normal goat serum every day for 4 wk. Metastases were counted at magnification of ϫ40 on histologic sections of lungs from tumor-bearing mice. n ϭ 2 sections per mouse and 6 mice per group. demonstrated the limitations of targeting a single mediator (47, 48) . Similarly, the appropriate biological end point for effective antiangiogenic therapy is not clear (47) . Although our results show a significant reduction in tumor size with inhibition of CXCR2, we also found that there was a significant increase in tumor necrosis with inhibition of CXCR2. This suggests that the traditional end points of tumor size should not be the only end point used in determining the efficacy of antiangiogenic therapy. Our results demonstrate that targeting several angiogenic mediators at once is an attractive therapeutic option. Our Ab studies demonstrate that total ablation of CXCR2 before tumor development, as seen in the CXCR2 Ϫ/Ϫ mice, is not necessary and that the results in the knockout mice can be replicated using an Ab approach even after tumor implantation. Recent reports of acquired resistance to antiangiogenic therapy underscore the need for development of strategies that have the ability to target multiple pathways and/or mediators in angiogenesis (49, 50) . Our findings demonstrate that targeting CXCR2 may represent a potential target in the development of novel antiangiogenesis agents.
